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Description 

This invention relates generally to continuously-var- 
iable- ratio transmissions ("CVT's"), and particularly to 
the ratio- varying components ("variators") of CVT's of 
the band-and-sheave type. In this type of CVT a contin- 
uous, flexible and substantially inelastic band, usually 
in the general form of a belt of chain, passes over two 
pulley units running on parallel but separated axes, and 
in a common radial plane relative to those two axes. The 
width of the band does not vary, and the two sheaves of 
each pulley unit are coaxial, but the axial clearance be- 
tween them can be varied, so varying the radius at which 
the band runs in contact with the pulley unit. If the 
sheaves of a first of the two units move axial ly apart, 
whereby reducing the radius of contact of the band, the 
sheaves of the second unit must approach in order to 
increase the radius and so maintain tension in the band. 
At the same time, if the first and second units are re- 
garded respectively as the input and output members of 
the variator, the transmitted ratio falls. Conversely, if the 
sheaves of the first unit had moved axially together and 
those of the second apart, the ratio would have risen. At 
all times during operation the sheaves of both units must 
of cou rse be u rged axially together with a force sufficient 
to generate enough pulley/belt friction to transmit the re- 
quired traction between them. Typically, one sheave of 
each pulley unit has been fixed to its shaft while the other 
has been slidably connected to the shaft by axial 
splines, and the face of that sheave remote from the belt 
has formed the face of a piston moving within a cylinder 
connected to a source of fluid under hydraulic pressure 
which has generated the required axial load. It will be 
apparent that if one sheave of each pulley unit is fixed 
and the other axially movable, as just described, any ra- 
tio change must be accompanied by a slight axial shift 
of the belt relative to each pulley unit. Means for avoiding 
any adverse effects of this are well known to the man in 
the art, including axial ly-reversing the arrangement of 
the two sheaves - fixed and movable - between the two 
pulley units, so that the direction of the axial shift of the 
belt at the unit where the sheaves approach is matched 
by the corresponding belt shift at the other unit where 
the sheaves move apart. 

In known variators of this kind it has been customary 
for the operator to change the transmitted ratio by what 
has become known in the art as "ratio control", that is to 
say a direct command on the hydraulic controls of the 
two movable sheaves to cause those of one unit to ex- 
ecute a predetermined movement apart and those of the 
other to execute a related predetermined movement to- 
gether, while maintaining sufficient axial loading at both 
pulley units to maintain the necessary belt/sheave fric- 
tion. In contrast, recent developments in the related 
technical field of CVT's of the toroidal-race rolling-trac- 
tion type have demonstrated the advantages of so- 
called "torque control", where what the operator de- 
mands, by movement of the accelerator pedal or other 



control member, is a particular driving torque applied to 
the variator either by way of the driving shaft (i.e. torque 
load on the engine), or by way of a particular output 
torque on the driven shaft. Examples of a CVT control 
5 system of this type, and of a toroidal-race CVT well-suit- 
ed to such control, are to be found in patent publications 
WO 93/21031 and EP-B-0444086 respectively. 

Occasional proposals have been made to include 
some element of torque control in a CVT where the var- 
iator is of band-and-sheave type. One such proposal ap- 
pears in Paper 730003, entitled "Design Equations for 
a Speed and Torque Controlled Variable Ratio V-Belt 
Transmission", presented at the International Automo- 
tive Engineering Congress and Exposition in Detroit, 
Michigan in January 1973. In the variator described in 
that proposal one of the two pulley units exhibits some 
torque-sensitive capacity due to the capacity of one of 
the sheaves to move spirally relative to the shaft on 
which it is mounted, while the other pulley unit is sensi- 
tive not to torque but to input speed. The Paper propos- 
es using such a CVT in certain specialised vehicles such 
as snowmobiles. It should however be noted that while 
the control movements of the operator of such a vehicle 
would undoubtedly be directly related - by way of the 
accelerator pedal - with movements of the vehicle throt- 
tle, the Paper contains no teaching that the relative 
movements of the sheaves of the two pulley units should 
be directly controlled by or related to the control move- 
ments of the operator. The result is a CVT of limited con- 
trollability, because for any output load - that is to say, 
the product of output speed and output torque - there is, 
within the ratio limits of the variator, just a single equi- 
librium combination of input speed and input torque. A 
CVT with such limited controllability does not match the 
needs of a modern road vehicle. Another limitation of a 
variator as described in the Paper is that it is unsuitable 
for use in the kind of CVT, now increasingly necessary 
for practical automotive applications, where the operat- 
ing range is extended by providing for it to work in more 
than one so-called "regime" in each of which the variator 
progresses from one end of its ratio range to the other. 
In such multi-regime designs it is customary for power 
to be recirculated through the variator in one of those 
regimes, during which the variator output and the power 
input act as two inputs to an epicyclic and at a particular 
ratio value a so-called "geared neutral" condition is 
achieved when all the transmitted power is recirculated, 
so that the transmission output and therefore the auto- 
mobile is stationary. It is a practical necessity in most 
automotive transmissions that include such a recircula- 
tory regime, that the variator seeks geared neutral 
when, for example, the engine is started and reaches 
idling speed while the vehicle is still at rest. The Paper 
does not teach the possibility of a power-recirculation 
regime in which geared neutral is achievable, and in the 
absence of driver demand the described variator simply 
seeks one extreme of its ratio range. 

A CVT according to the present invention is also to 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP0 736 153 B1 



4 



be distinguished from the kind shown in Specification 
US-A-5217412. As stated many times in that specifica- 
tion, it relates to a CVT in which the operator demands 
a particular ratio of the variator, and changes in torque 
will have no direct effect on that ratio. With the present 
invention there is no direct control of ratio: by the mag- 
nitude of his actuation of the accelerator pedal or other 
control member the operator demands a particular 
torque on one or other variator shaft and, within operat- 
ing limits, that torque will be held even if the ratio chang- 
es. Another distinction from US-A-5217412 is that for 
efficient "torque control" it is desirable for the connection 
between at least one of the pulley units and its shaft to 
generate a force dependent on the torque on the shaft 
in both magnitude and direction: this force acts so as to 
tend to vary the axial separation of the sheaves. In US- 
A-5217412 the only torque-sensitive connection (item 
24) is between two sections of the shaft of one of the 
pulleys. When it operates so as to sense torque, no di- 
rectly-related axial force is generated and applied to in- 
duce relative movement of the pulley sheaves. 

A feature, applicable generally to belt-type CVT's 
that are capable of "torque control", is that wherever 
there is a torque-sensitive connection between a pulley 
unit and its shaft, so as to permit pulley-shaft movement 
and generate a pulley-shaft force which is a function of 
the magnitude and direction of that torque, then when- 
ever that shall is transmitting torque to the belt the re- 
action at the connection generates a force tending to 
separate the sheaves, and whenever that shaft is re- 
ceiving torque from the belt the corresponding force 
tends to move the sheaves together. The subject matter 
of the present invention is thus to be distinguished also 
from the belt-type CVT shown in Specification US-A- 
5173084 which discloses the features of the preamble 
of claim 1 , where there is a potentially torque-sensitive 
connection between each pulley unit and its shaft. In 
US-A-51 73084 however the operation of the two poten- 
tially torque-sensitive connections between the pulley 
units and their respective shafts is different. The torque- 
related forces generated at these two connections act 
in unison on both pulley units, tending either to move 
both of them together whenever power flows from the 
input shaft (12) to the output shaft (14) or both apart 
when the power flow is reversed. As is explained clearly 
in the specification, for example in col. 5 lines 23-32, this 
is done in order to simplify and/or reduce the capacity 
of the hydraulic pumps. Torque control is not achieved 
by the CVT's described in that specification, nor does it 
teach the possibility - let alone the advantages - of 
torque control in any way. It should also be noted par- 
ticularly that the operation of the torque-sensitive con- 
nections described in US-A-51 73084, like those of Pa- 
per 730003 already mentioned, would prevent them 
from being used in a multi-regime CVT where the vari- 
ator is required in certain circumstances - for instance 
when idling - to seek geared neutral. 

The present invention arises from appreciating how 



a CVT of the band-and-sheave type may be improved 
by becoming torque-controllable to the degree that it is 
required by a modern automotive vehicle, and that is 
more comparable with the controllability of the toroidal- 

5 race CVT's already mentioned. 

The invention is defined by the claims, the contents 
of which are to be read as included within the disclosure 
of the specification, and includes CVT's as will now be 
described by way of example with reference to the ac- 

10 companying drawings, parts of which are diagrammatic 
and schematic, and in which: - 

Figure 1 is an axial section through components of 
a known belt-and-sheave variator; 
15 Figure 2 is a similar view through a variator accord- 
ing to the present invention, in association with 
components of a hydraulic control circuit; 
Figure 3 shows some essential components of a 
two-regime CVT using a variator as in Figure 2; 
20 Figure 4 is similar to Figure 2 but shows an alterna- 
tive variator: 

Figure 5 is a hydraulic circuit drawing; 
Figure 6 is an axial section through the sheaves of 
a CVT using the circuit of Figure 5; 
25 Figure 7 is an axial section through another variator; 
Figure 8 shows the hydraulic circuit associated with 
the variator of Figure 7; 

Figures 9 and 10 are similar to Figure 7 but show 
further variators; 
30 Figure 1 1 shows a hydraulic circuit associated with 
the variators of Figures 9 and 10, and 
Figure 1 2 is an axial section through a further vari- 
ator. 

35 Throughout the description of the drawings items 
with generally similar function may where the context 
allows, be referred to by the same reference numeral. 

Figure 1 shows a variator in which a belt or chain 1 , 
flexible but inextensible and of unvarying width, trans- 

40 mits traction between a first pulley unit 2 comprising 
sheaves 3 and 4 and a shaft 5, and a second pulley unit 
6 comprising sheaves 7 and 8 and a shaft 9. Shafts 5 
and 9 are rotatable about separated but parallel axes 
10 and 11 respectively. Sheaves 3 and 7 are fixed to 

45 their respective shafts, but sheave 4 is axially-splined 
to shaft 5 at 1 2 and so is capable of some relative axial 
movement. Sheave 8 is similarly splined to shaft 9 at 1 3. 
The sheaves 4 and 8 act as pistons movable within hy- 
draulic cylinders 15 and 16 respectively, the cylinders 

50 being connected by way of a control unit 17 both to a 
control member 1 8 and to a source 1 9 of hydraulic pow- 
er. 

Assuming shafts 5 and 9 are respectively the input 
and output members of the variator the arrows T )N , N !N , 
55 T OUT and N Q ut represent respectively the input torque, 
input speed, output torque and output speed of the var- 
iator. Control unit 17 will operate so as to generate a 
hydraulic pressure P T in cylinder 16, sufficient to main- 
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tain belt tension, and P T + P R in cylinder 15, where P R 
is an increment dependent on the depression of pedal 
1 8 and operable if positive to cause sheaves 3, 4 to ap- 
proach and so raise the transmitted ratio, or if negative 
to cause them to move apart and to lower it. However 
with sheaves 3 and 7 fixed to their respective shafts 5 
and 9, and sheaves 4 and 8 mounted on those shafts 
only with limited freedom for axial movement, there is 
no way in the absence of hydraulic pressure in which 
any of the sheaves can move automatically, to change 
ratio, in response to a change in the torque transmitted 
across the variator. It is therefore as it stands unsuitable 
for a CVT - of one, two or more regimes - in which re- 
circulation takes place in at least one of those regimes. 
In such a variator it is also not easy because the variator 
does not sense torque, to estimate the optimum value 
of the pressure P T which should, for life and efficiency, 
be the lowest consistent with no belt slip. 

With each change of command from control 1 7, P R 
changes, as pulley unit 2 opens or closes, unit 6 does 
the reverse, so ensuring - through the opposite-hand ar- 
rangement of cylinders 15 and 16 - that the centre line 
20 of belt 1 stays substantially in the same radial plane 
relative to shafts 5 and 9. 

In the corresponding variator according to the in- 
vention, shown in Figure 2, sheaves 3 and 4 of unit 2 
are both movably mounted on shaft 5 by means of hel- 
ical splines 21, 22 respectively these splines being of 
opposite hand, but sheaves 7 and 8 of unit 6 are mount- 
ed on shaft 9 by means of axial splines 23 and 24. 
Sheaves 3 and 7 are mounted as pistons movable within 
cylinders 25 and 26, and the cavities of cylinders 1 5 and 
25 are in communication and therefore at equal hydrau- 
lic pressure, as are those of cylinders 16 and 26. The 
helical engagement between sheaves 3 ; 4 and their 
shafts 5 may in practice be by way of ball races, and 
reference 27 indicates the balls. The "hands" of the hel- 
ices 21 , 22 must be chosen to match the directions of 
rotation indicated by the arrows N !N and N OUT , so that 
any torque transmitted between the sheave and the belt 
gives rise to a proportional axial force on both sheave 
and shaft, and any applied torque will result in a ratio 
change to reduce the torque. Control of the variator will 
be effected, as in Figure 1, by operating member 18 by 
way of hydraulic control unit 17, but now separate 
pumps 30, 31 supply hydraulic fluid to the two pulley 
units 2 and 6. Pump 30 supplies fluid to the cylinders 15 
and 25 of unit 2 by way of inlet ports 32 and pump 31 
supplies fluid to the cylinders 1 6 and 26 of unit 6 by way 
of inlet ports 33. Fluid then leaves the cylinders of units 
2 and 6 by way of outlet ports 34, 35 respectively and 
thence by way of control valves 36, 37 to drain 38. The 
main function of a further variable-resistance valve 39, 
located between valves 36, 37 and drain 38 and also 
controlled from unit 17, is to set a "base value" P T for 
the pressure in the cylinders that is sufficient at all times, 
while traction is being transmitted, to maintain sufficient 
grip between the sheaves and the belt. Now, whenever 



driving conditions are such that power flows from unit 2 
to unit 6, unit 17 regulates valve 36, but causes valve 
37 to open. Base pressure P T is therefore established 
in cylinders 16 and 26, and in the cylinders 15 and 25 
5 of unit 2 a pressure of P T + P c , where P c is a function 
of the transmitted torque which the operator is demand- 
ing (by way of pedal 18) and matches the outward axial 
thrust which the sheaves 3, 4 will be exerting in re- 
sponse to that demanded torque. If the transmission is 
subject to torque in the reverse direction, unit 1 7 controls 
valve 37 and opens 36, so that base pressure P T is es- 
tablished in cylinders 15 ; 25 and P T plus P c in cylinders 
16, 26 of unit 6. This control of the quantity P c means 
that the axial loading forces upon the two pulley units 
are directly responsive to operator demand, and their 
magnitude can be represented as a predetermined 
function of the magnitude of that demand. 

In the variant of the invention shown in Figure 4, 
sheave 4 of unit 2 is mounted on helical ball screw 22 
and works within cylinder 15 as before, but sheave 3 is 
mounted on an axial spline 42 carried on a collar 41 in- 
tegral with sheave 4. Sheaves 3 and 4 therefore rotate 
together but are capable of limited relative axial move- 
ment, and a thrust race 43, carried by a flange 44 inte- 
gral with shaft 5, fixes the relative axial positions of that 
shaft and the sheave 4. In unit 6 sheave 8 is mounted 
on straight splines 24 and moves as a piston within cyl- 
inder 16 as before, but sheave 7 is now simply fast with 
shaft 9. The single ball screw 22 now takes the torque 
from both sheaves of unit 2, because the axial spline 41 
takes the torque from sheave 3 to sheave 4 and thence, 
through the screw 22, to the shaft 5. As in Figure 1 , the 
opposite-hand arrangement of cylinders 15 and 16 en- 
sures that as the sheaves of one of units 2, 6 move apart 
while those of the other move together, and vice versa, 
the plane of the centre line 20 of belt 1 remains substan- 
tially constant. 

In practice it is also likely to be desirable to ensure 
that any mismatch, that should occur for any reason in 
operation, between the ideal clamping force on the belt 
and the pressures in cylinders 1 5, 25 and 1 6, 26 is avoid- 
ed, especially towards limits of the ratio range when the 
belt is close to its maximum or minimum radius on either 
pulley unit. While not identical in effect, aspects of such 
a feature of a CVT according to the present invention 
can be compared with the "hydraulic end stop" features 
for toroidal-race rolling-traction CVT's described for ex- 
ample in Patent Specifications GB-B-2023753, EP-B- 
0133330 and EP-B-0444086. In Figure 2 the location 
and size of outlet ports 34 and 35, and the provision of 
further ports 45 and 46, contribute to the generation of 
such an "end stop" effect, although it will be understood 
that other features not shown would in practice be re- 
quired also to ensure that the timing and magnitude of 
the effect was suitable. In pulley unit 2 the outlet port 34 
is so sized and located, relative to cylinder 15, that if 
sheaves 3 and 4 tend to separate axially beyond a pre- 
determined limit, sheave 4 will eventually totally cover 
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port 34 ; blocking off the common fluid outlet of the two 
connected cylinders 25 and 15, so that the pressure in 
these two cylinders will rise to that of the pump 30 and 
so resist further separation of the sheaves. Conversely, 
should the sheaves approach each other closer than 
has been predetermined, port 45 will be uncovered. This 
port communicates, directly or indirectly, with drain 38 
by way of valve 39, but in a manner by-passing control 
valve 36. This therefore relieves the pressure in cylin- 
ders 15, 25 and inhibits further approach of the sheaves. 
In pulley unit 6, the location and sizing of port 35 and 
the provision of port 46 will work to similar effect. 

It will be appreciated that the operation of such a 
"hydraulic end stop" mechanism may in practice not only 
achieve the purpose of preventing the sheave/belt 
clamping force from rising too high or falling too low at 
each pulley unit, but also have the related effect of tend- 
ing to keep the belt/sheave radius of contact within pre- 
determined limits. To this latter end, Figure 2 also shows 
further and purely mechanical "end stops" in the form of 
rings 29, mounted to rotate about shafts 5, 9 between 
the sheaves of units 2 and 6, which physically prevent 
the belt 1 from making contact with either shaft, for ex- 
ample should the hydraulic stops have failed to act to 
prevent the sheaves from separating far enough to allow 
it to do so. There would be less need for such rings in 
the variant shown in Figure 4, where the collar 41 of unit 
2 and the shaft 9 of Figure 6 rotate in unison with 
sheaves 3, 4 and 7, 8 respectively. Many other forms of 
physical stops, to prevent the sheaves from separating 
or approaching beyond chosen limits, are of course pos- 
sible. 

Figure 3 shows the essential components of a two- 
regime CVT in which a prime mover 50 drives the shaft 
5 of pulley unit 2 (as shown in Figure 2) at speed N, and 
also, by way of a fixed-ratio belt 51 which reduces the 
drive speed to 1/2. N h one half of a low regime clutch 52. 
The other half of this clutch is connected to the planet 
carrier 53 of an epicyclic 54, the ring gear 55 of which 
is connected both to the CVT output member 56 and 
also to one half 57 of a high regime clutch 58. The other 
half 59 of this clutch, and the sun gear 60 of epicyclic 
54, are both connected to the output shaft 9 of the var- 
iator, that is to say to the common shaft of sheaves 7 
and 8. 

To illustrate the operation of a vehicle including the 
CVT of Figures 2 and 3, a sequence of events will now 
be described starting from rest. The operator will be able 
to control the vehicle driveline with a typical gear selec- 
tor lever (having an input to unit 17 indicated schemat- 
ically at 47) including at least the standard N, P, D and 
R settings. 

When engine 50 starts ; with the gear selector in "N" 
or "P" clutches 52 and 58 will both be disengaged. On 
selecting "D" clutch 52 will start to engage. If the vehicle 
is stationary and the variator is not in the ratio known in 
the art as "geared neutral" (i.e. the ratio which for finite 
rotation of input shaft 5 generates zero rotation of output 



member 56) a drag torque will be imposed on the vari- 
ator by clutch 52. Until the accelerator pedal 18 is de- 
pressed to move off, both of the control valves 37 and 
36 will be open and there will be no differential pressure 
5 on the two pulley units 2, 6. There will however, typically 
be a "base" pressure provided by valve 39 as already 
described. 

Assume epicyclic 54 has a ratio E = 2, and belt 51 
has a fixed ratio of 1/2 as already described. With the 
10 vehicle stationary, belt 51 will try to drive the variator out- 
put shaft 9, through clutch 52 and epicyclic 54, at a 
speed of 3/2. N,. Shaft 9 may actually be running at. say 
1/2. N| and, if so, will try to accelerate both itself and the 
variator input shaft 2. The accelerating torque on the lat- 
15 ter will generate, through the action of the helical ball 
races 21 , 22 axial forces driving the two sheaves 3, 4 of 
pulley unit 2 together, thus raising the transmitted ratio. 
The forces will not be resisted because there is, as yet, 
no differential pressure on pulley units 2 and 6. 
20 Should the ratio overshoot, the torque on input shaft 
5 will be reversed and the axial forces will drive sheaves 
3, 4 apart. So, without any external control, this torque- 
sensitive variator will find the correct ratio to adopt be- 
fore the vehicle moves away from rest in its low regime, 
25 that is to say the regime in which clutch 52 is engaged, 
clutch 58 is disengaged, and power recirculates through 
the variator. 

When pedal 18 is now depressed, control unit 17 
registers a demand and ; with knowledge of the regime 
30 and the current ratio (by way of inputs shown schemat- 
ically at 61 and 62), interprets this demand as an output 
torque or a torque load on the engine. To move forward 
in low regime, the variator ratio must reduce from 3/2 
towards 1/2. Therefore power flows from unit 6 to unit 
35 2, and the sheaves 7, 8 on output shaft 9 must move 
towards each other. This is effected by the control unit 
opening valve 36, and raising the pressure in commu- 
nicating cylinders 16, 26 by increasing the variable re- 
sistance in valve 37. 
40 The axial load on the sheaves 7, 8 will now be given 
by the aggregate of the clamping pressure (generated 
by valve 39) and the differential pressure generated by 
torque control valve 37. The axial load on the sheaves 
3, 4 on shaft 5 will be given by the same clamping pres- 
45 sure (P T ) and the force from the helix. As the angles of 
the conical faces of all the sheaves are equal it follows 
that, when the force created by the differential (i.e. 
torque control) pressure balances that of the helix, the 
variator ratio will be stable. Since the axial force from 
50 the helix is a function of the variator input torque, the 
differential pressure must itself be a direct function of 
that torque, whether the torque-controlling pressure is 
applied to pulley unit 2 through valve 36, or to unit 6 
through valve 37. The differential pressure is of course 
55 also a function of the variator "output" torque, modulated 
by the instantaneous variator ratio. 

If conditions permit, the differential pressure will 
take the variator to the lower limit of its ratio, 1/2. Then 
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unit 1 7 will cause low regime clutch 52 to disengage and 
high regime clutch 58 simultaneously to engage, the 
variator and epicyclic ratios having been chosen so that 
this change is of the kind known in the art as "synchro- 
nous" and causing no instantaneous change of rotary 
speed of output member 56. With clutch 58 engaged, 
and the transmission therefore in "high regime", further 
depression by the operator of pedal 18 will cause the 
variator to proceed back over its entire ratio range, from 
1/2 where it presently stands to its maximum of 2. During 
this regime, whenever power is to be drawn from the 
prime mover 50, the torque load will be determined by 
pressure control valve 36. 

The function of valve 39 in setting a basic "clamping 
force" between the sheaves and the belt has already 
been referred to. It should be noted that the useful pow- 
er-transmitting force between the sheaves and the belt 
is a tangential one, and that there is an upper limit to the 
fraction of the axial clamping force, as determined by 
valve 39, that the tangential force can be without slip. 
That limit is determined by the coefficient of friction be- 
tween the sheaves and the belt. Conversely, an exces- 
sive clamping force will reduce both life and efficiency. 
When the CVT is regulated by torque control it is easy 
to calculate the tangential force at any ratio, and there- 
fore the optimum clamping force. The ratio is simply 
measured, and the unit 17 receives the electrical input 
of that measurement at 62. The tangential force is a 
function of torque, divided by the radius of contact be- 
tween belt and sheave, and that radius is itself a function 
of ratio. The input to valve 39 from unit 17 programmes 
the valve to adjust the hydraulic pressure in cylinders 
1 5, 25 and 1 6, 26 so as to seek this optimum force. 

In Figure 5 the pumps 30 and 32 deliver fluid to cyl- 
inders 63, 64 containing pistons 65, 66. In normal oper- 
ation the return lines for fluid from these cylinders to 
drain 38 are by way of outlets 67 and 68, lines 69 and 
70 and control valves A and B respectively, the pres- 
sures in lines 69 and 70 being P A and P B respectively. 
Relief valves 71 are provided to prevent either of pres- 
sures P A . P B rising above a predetermined value. In a 
torque-controlled CVT of the toroidal-race rolling-trac- 
tion type, as described for instance in Patent Specifica- 
tion EP-B-0444086, items 65 and 66 would correlate 
with opposite faces of a double acting hydraulic piston, 
connected to the carriage of one of the rollers, the ori- 
entation of which changes to vary the transmitted ratio. 
In the variator of a torque-sensitive CVT of the belt-and- 
sheave type, as shown for instance in previous Figures, 
cylinders 63 and 64 would typically be associated re- 
spectively with each of the two pulley units 2 and 6 of 
the variator, and the pressures supplied to the two units 
are in this example of the invention controlled so as to 
generate on one such unit the sum of the desired clamp- 
ing and torque related forces and, on the other, the 
clamping force alone. The clamping force urges the pul- 
ley sheaves into appropriately firm traction-transmitting 
contact with the belt and the torque related force bal- 



ances, at equilibrium, the axial force from the torque- 
sensitive screw or similar mechanism. In this example 
of the invention the pressures generated by the valves 
A and B in cylinders 63 and 64 match only the torque- 

5 related forces. The clamping forces are generated sep- 
arately, as follows. The deliveries of pumps 30, 31 are 
bridged by a line 72 connected tothe two inlets of a valve 
73 which admits only the greater for the time being of 
pressures P A and P B , and closes off the lesser. The out- 

10 let line 74 of this valve passes, by way of a pressure- 
dropping valve 75, to cylinders 76, 77 arranged in par- 
allel and containing pistons 78, 79 respectively. Piston 
78 bears axially upon one sheave, and applies the 
clamping force to that sheave. Similarly piston 79 ap- 

15 plies the clamping force to the other sheave, and the 
relationship between pistons 65, 66, 78 and 79 will be 
explained with reference to Figure 6. 

It will be noted firstly that because cylinders 76 and 
77 are arranged in parallel downstream of valve 75 : the 

20 same pressure always exists within those cylinders. 
This is of course appropriate because the same traction 
should be transmitted at both sheaves. Secondly, any 
movement of piston 78 in one direction will be substan- 
tially balanced by a movement of piston 79 in the other 

25 direction, and vice versa. Thus substantially all fluid dis- 
placed from cylinder 76 will flow into cylinder 77, and 
vice versa, thus diminishing the need for pumps 30 and 
31 to accommodate fluid flows due to the movements 
of the two clamping pistons 78 and 79. It should be noted 

30 also that only one of the two pumps supplies the clamp- 
ing cylinders at a time. All this allows the power of the 
pumps to be smaller than would have been the case had 
cylinders 63 and 64 been required to generate both the 
torque-responsive and the clamping loads, as in previ- 

35 ous Figures. 

Were fluid at the greater of the discharge pressures 
of pumps 30 and 31 to be supplied directly (via valve 
73) to cylinders 76 and 77, the clamping forces exerted 
by pistons 78 and 79 would in general be too great. 

40 Valve 75 applies a pressure reduction factor substan- 
tially proportional to the instantaneous ratio of the vari- 
ator, because the clamping force should be a function 
of the traction force on the belt which, in turn, is a func- 
tion of torque and the radius of contact of the belt with 

45 the sheave, i.e. a measure of ratio. The pressure from 
which the clamping force is obtained is proportional to 
torque alone and should therefore be modified by the 
instantaneous ratio to produce the desired clamping 
force. To protect the circuit against dangerous hydraulic 

50 pressure rises due to malfunction, the relief valves 71 
are provided in lines 69 and 70 to safeguard the torque- 
responsive function and a similar valve 80, connected 
to valve 73, to protect the clamping function. However, 
in order to be "fail safe", valve 75 should be of the type 

55 that returns to fully open, so applying full pump pressure 
to cylinders 76 and 77, to guarantee continued traction, 
in the event for instance of a fault in the central control 
mechanism. 
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In normal operation control valves A and B will typ- 
ically be regulated by the central programmed electronic 
control unit 17, receiving (by way of 61 , 62 and 47) inputs 
indicative of vehicle and engine speed, gear selection 
and other relevant parameters, and in particular from the 
driver by way of accelerator pedal 18. The location of 
cylinder outlet ports 67 and 68 in raised steps (67a and 
68a) formed on the end walls of their respective cylin- 
ders provides an "end-stop" effect as a safeguard 
against malfunction, in a way well known in the art. If the 
piston 65 overshoots its normal stroke and approaches 
the step 67a closely, the resistance of the outlet port is 
increased and with it the pressure of the fluid in cylinder 
63, up to the maximum setting of relief valve 80, so in- 
creasing the resistance to further overshooting travel of 
the piston. 

Figure 6 shows the CVT to which the hydraulic cir- 
cuit of Figure 5 applies. The variator includes pulley unit 
6, comprising sheaves 7 and 8, and pulley unit 2 com- 
prising sheaves 3 and 4. Belt 1 transmits drive from one 
pulley unit to the other. Sheave 7 is fixed to shaft 9 which 
in this design is driven by prime mover 50, and sheave 
8 is splined to shaft 9 at 24 so that limited relative axial 
movement between the shaft and this sheave is possi- 
ble. Sheave 8 carries a flange 81 and a variable capacity 
annular space is defined by the shaft 9, sheave 8, flange 
81 and a circular plate 82 carried by the shaft. The 
clamping pressure acting on pulley unit 6 is generated 
in this space, which therefore corresponds with say cyl- 
inder 76 of Figure 5 and is connected by way of an inlet 
port 83 and conduit 84 with the pressure-dropping valve 
75. 

Sheave 3 of the other pulley unit 2 is connected to 
shaft 5 by way of helical spline 22. The second sheave 
4 of unit 2 is splined at 42 to a collar extension 41 of the 
first sheave 3, so that the two sheaves 3, 4 can move 
axially but cannot rotate relative to each other. A ball 
thrust race 43, supported by a flange 44 fixed to shaft 
5, limits movement of sheave 4 to the right as shown in 
Figure 6. As in Figure 4 the helical spline 22 provides a 
bi-directional torque-sensitive connection between the 
pulley unit 2 and the shaft 5: the sheaves 3 ; 4 will tend 
to separate when the torque is in one rotary sense, and 
to converge when it is in the other. 

A stepped ring 87 is fixed to shaft 5 at its inner rim, 
and at its outer rim makes a sealed sliding fit with a 
flange 88 carried by sheave 3. A smaller stepped ring 
89 is fixed to sheave 3 and makes a sealed sliding fit 
with shaft 5 at 90. A ring 91 is carried by shaft 5, and 
the outer rim of this ring makes a sealed sliding fit with 
the inner wall of ring 89 at 92. Between them the shaft 
5, sheave 3 and rings 87, 89 and 91 thus define three 
variable-capacity annular chambers. These chambers 
are referenced 77, 63 and 64 in Figure 6, because those 
are the references for the features which they corre- 
spond with in Figure 5. Chamber 77 connects by way of 
an inlet port 93 and conduit 84 with pressure-dropping 
valve 75, and provides the clamping force. Conduit 84 



passes axially within shaft 5, just as it does within shaft 
9. Fluid enters cylinders 63 and 64, from pumps 30 and 
31 not shown in Figure 6 by way of ports 94 and 95 re- 
spectively and leaves, also as in Figure 5, by way of 
5 ports 67 and 68. In the design of Figure 6, effectively the 
two cylinders 63, 64 are coaxial and separated by the 
fixed ring 91 , the left-hand face of the ring 89 becomes 
the piston 65 and the left face of the sheave 3 becomes 
the piston 66. It should be noted that in Figure 6, as in 
Figure 5, the ports 67 and 68 are formed in stepped sur- 
faces 67a, 68a respectively and thus lie axial ly-proud of 
the related inlet ports 94 and 95, so as to provide the 
end-stop effect already described. 

In the embodiment of Figure 6 the shaft 9 may con- 
veniently drive a pump assembly indicated in broken 
lines at 85 and including the hydraulic pumps 30 and 31 . 
The final drive gear 96 of the CVT engages with a gear 
96a carried by a third shaft 97, a gear 98 mounted on 
shaft 9 meshes with a gear 98a coaxial with shaft 97, 
and a gear 99 mounted on shaft 5 meshes with a gear 
99a also coaxial with shaft 97. The working range of the 
variator of Figure 6 is extended by providing it with the 
means to work in two successive regimes, to be referred 
to as "low" and "high". Assuming shaft 9 rotates at con- 
stant speed, typically low regime will progress from a 
condition in which belt 1 moves from maximum to min- 
imum radius across pulley unit 6 (and in the opposite 
sense across unit 2) during which final drive gear 96 be- 
gins by rotating at maximum speed in the reverse direc- 
tion, decelerates until stationary (the condition known in 
the art as "geared neutral") and then accelerates in the 
forward direction until the belt has reached minimum ra- 
dius on pulley unit 6. At this point clutches (to be de- 
scribed) are simultaneously operated to disengage low 
regime and engage high, ratios and dimensions being 
chosen to achieve what is known in the art as a "syn- 
chronous change", involving no instantaneous change 
of the transmitted ratio. During high regime the belt 
progresses back to maximum radius on pulley unit 6 and 
minimum on unit 2, and final drive gear 96 continues to 
accelerate to its final, maximum forward speed. 

To achieve these two regimes, gear 98a carries a 
flange 100 supporting one half of a low regime clutch 
101, the other half of which carries the planet carrier 1 02 
of an epicyclic gear unit. The sun gear 103 of this unit 
is mounted on a tubular extension 104 carried by gear 
99a, both extension and gear being mounted rotatably 
about shaft 97. Extension 104 also carries one half of a 
high regime clutch 1 05, the other half of which is carried 
by a flange 106 which is fixed to shaft 97 at 107 and 
which also carries the ring gear 108 of the epicyclic unit. 
In low regime clutches 1 01 and 1 05 are respectively en- 
gaged and disengaged, and the epicyclic unit mixes in- 
puts from shaft 9 (by way of planet carrier 1 02) and shaft 
5 (by way of sun 103) to drive the ring gear and so the 
shaft 97 and the final drive gear 96. At the "synchronous 
change" point clutches 101 and 105 are respectively dis- 
engaged and engaged, after which the direct connection 
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of shafts 9 and 97 by way of gears 98, 98a is broken, 
and shaft 97 is driven directly only from shaft 5 by way 
of gears 99 and 99a, flange 1 04, high regime clutch 1 05, 
and flange 106. The pistons and hydraulic cylinders 
used to operate clutches 1 01 , 1 05 are shown at 1 1 0, 1 1 1 
and 112, 113 respectively. 

It may be noted that the operation of the torque-sen- 
sitive sheave-shaft connection (e.g. item 22 in the ex- 
ample of Figure 6) in response to a change of demand 
is in effect to seek to lower the speed of the shaft through 
which power is being delivered (5 in this Figure), relative 
to the speed of the shaft (9) through which power is be- 
ing supplied to the variator. I n other words, the response 
is such that the variator tends to seek a ratio that reduc- 
es the power delivered. Some further characteristics of 
the embodiment of Figure 6 should also be noted. Firstly 
that the two clutches (101, 105) and the epicyclic unit 
are on a separate shaft (97) from the two pulley units 6 
and 2. This is in order to make an axially-short transmis- 
sion suitable, in particular for installation in vehicles in 
which the engine is installed transversely. Secondly, it 
does not matter in principle which of the pulley units 2, 
6 the torque-sensitive connection (22) is associated 
with. Thirdly, an advantage of mounting the torque-sen- 
sitive connection 22 and all the associated hydraulic 
ports and conduits on and within the shaft 5 is that be- 
cause both ends of that shaft are potentially unobstruct- 
ed, access for hydraulic connection is easier than with 
shaft 9 where one end is connected to the prime mover 
50. 

In the example of Figures 7 and 8 a belt 1 transmits 
traction between pulley unit 2, mounted on shaft 5, and 
pulley unit 6 mounted on shaft 9. In this example shaft 
5 is connected to prime mover 50 and shaft 9 will typi- 
cally be connected, by way of further components which 
are not shown and are no part of the present invention, 
to the final output gear 96 of the CVT of which the vari- 
ator is a component. Pulley unit 2 includes a sheave 4, 
and a helical ball-race mounting 22 is interposed be- 
tween this sheave and the shaft 5, so that sheave and 
shaft are capable of limited relative movement including 
both a rotary and an axial component. Sheave 4 is also 
mounted to move as a piston within a hydraulic cylinder 
15 formed by a housing carried by shaft 5. Pulley unit 2 
also comprises a second sheave 3 splined, at 42, to a 
collar 41 carried by the first sheave 4. Item 42 allows 
relative axial movement between parts 3 and 41 , but is 
sealed against fluid escaping through the spline. A ball 
race 43, mounted on a radial flange 44 carried by shaft 
5, allows sheave 3 to rotate about the shaft but prevents 
it from relative movement leftwards. Thus far the exam- 
ple of Figure 7 is generally similar to the example of 
some previous Figures. However the sheave 3 is also 
formed with a cutaway part 1 1 9 and a radial flange 1 20, 
mounted on collar 41 , carries a seal 1 21 . Parts 42, 41 , 
1 20, 1 21 and 1 1 9 cooperate to define a second hydrau- 
lic cylinder 122. 

The arrangement of the other pulley unit 6 on output 



shaft 9 is similar but reversed left-to-right, and the cor- 
responding components are indicated by the same nu- 
merical reference but with an index ', e.g. first and sec- 
ond sheaves 4' and 3'. The hands of the two ball races 
5 22 and 22' are such that, when power flows from shaft 
5 to shaft 9, the hand of the ball race 22 tends to gen- 
erate a force acting to separate - that is to say, move 
axially apart - the sheaves on shaft 5 while the hand of 
ball race 22' tends to generate a force acting to move 
10 together the sheaves on shaft 9. If the power flow is re- 
versed, the forces are also reversed. The straight 
splines 42 and 42' permit such movement, but prevent 
relative rotary movement between the two sheaves. 
In the control circuits shown in Figures 8 and 11, 
15 pumps 30 and 31 and a central control unit 17 are pro- 
vided, and valves A and B regulate pressures to the cyl- 
inders urging the sheaves together. These pressures 
are computed so that the normal load on the belt (or 
chain) is sufficient to prevent slippage but is not exces- 
20 sive and so that torque-dependent axial forces from the 
ball screws are balanced. The normal load is primarily 
a function of the usable coefficient of friction between 
the belt and the sheave and the sum of the input and 
output torques. The latter can be expressed as a f unc- 
25 tion of the torque being controlled, which is therefore 
known, and the variator speed ratio (which can easily 
be measured). Thus the optimum normal load (clamping 
force) can be maintained over the whole operating 
range. 

30 Should the sheaves, for any reason, overshoot their 
normal operating range a 'hydraulic stop', well under- 
stood in the art, will come into effect. In a manner similar 
to that shown in Figure 5, outlet lines 69, 70 from the 
two cylinders 1 5 and 1 5' are mounted in steps 67a, 68a 
35 which lie axially-proud of the parts of the end walls 
where the inlet lines enter the cylinders from pumps 30, 
31 respectively. As the sheave approaches one of the 
steps 67a or 68a, before actually touching that step it 
obstructs the outlet port and so tends to raise the resist- 
40 ance in the respective fluid line, so resisting further 
movement of the sheave by raising the fluid pressure in 
the cylinder above the value it would have were that val- 
ue determined solely by the respective control valve A 
or B. 

45 As Figure 8 clearly shows, the separate hydraulic 
cylinders 1 5, 1 22; 1 5V 1 22' of the example of Figures 7 
and 8 allow each power source (30 and 31) to be con- 
nected directly both to the "large" or "torque-dependent" 
cylinder (1 5 and 1 5') of one pulley unit, and to the "small" 
50 or "clamping" cylinder (122' and 122) of the other unit. 
It should also be noted that it will still be desirable for 
the normal load on the belt to be high enough to prevent 
slippage, especially when the hydraulic stop raises 
pressure to counteract an overload torque in the varia- 
55 tor. To ensure that this is so, the helix angles of the ball 
screws must be above a certain value determined by 
the parameters of the variator, in particular the usable 
friction coefficient and, in the case of Figure 8, the areas 
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of the large and small pistons. 

In the embodiments of Figures 9 and 10, reference 
numerals already used in Figure 7 continue to denote 
similar components. In Figure 9, however, instead of on- 
ly one sheave (4, 4') of each pulley unit being mounted 
on a helical ball race (22, 22') now the second sheave 
(3, 3') in each unit is also mounted (as for unit 2 in Figure 
2) on a similar ball race (21, 21'), the two ball races of 
each unit being of opposite hands. Furthermore, the cyl- 
inders 122, 122' of Figure 7 are omitted and the two 
sheaves of each unit are identical in outline, the sheaves 
3 and 3' acting as pistons within similar housings carried 
by shafts 5 and 9, the resulting cylinders 15 and 125, 
15' and 125' being in hydraulic communication as indi- 
cated at 126 and 126'. In the variator of Figure 10 the 
similarity with Figure 7 is even closer, the only significant 
difference being that the cylinders 122 and 122' are 
omitted. The sheaves 3 and 3' of each unit are therefore 
of simpler shape but still run on the splines 42 and 42' 
mounted on the collars 41,41' carried by the sheaves 4 
and 4', and are still held against axial movement in the 
reverse direction by ball races 43 and 43'. In the embod- 
iment of Figure 10, therefore, the only means by which 
axial hydraulic force is applied to each of the pulley units 
is by way of the cylinders 15, 15' upon the sheaves 4 
and 4'. For each of the embodiments shown in Figures 
9 and 10, Figure 11 shows the essential components of 
the hydraulic circuit, comprising ; as for Figure 7, the cen- 
tral programmed control unit 17, the two pumps 30 and 
31 , and the two control valves A and B. Pump 30 and 
valve A are in circuit with cylinder 1 5 (and, for Figure 9, 
cylinder 125 by way of connection 126) of one pulley 
unit, and pump 31 and valve B are in circuit with cylinder 
1 5' (and : for Figure 9, cylinder 1 25' by way of connection 
1 26') of the other pulley unit. Although for simplicity not 
so shown in Figures 9 and 10, the cylinders 15 and 15' 
may as shown in Figure 1 1 be formed with stepped ends 
67a and 68a to facilitate the generation of "end-stop" 
effects as already described with reference to Figure 8. 

Figure 1 2 shows an embodiment of the second as- 
pect of the present invention, in which a torque -control- 
led variator, generally of the kind illustrated in Figure 6, 
is easily and economically adapted so as to permit more 
than one combination of two pulley units and belt to be 
mounted in parallel, on common input and output shafts, 
so as to equalise the torques on all individual belts but 
enhance the total torque that can be applied to the var- 
iator and thus the total traction it can transmit. While Fig- 
ure 6 shows a two-belt variator, it will be appreciated 
that the principle could also be applied to a variator with 
more than two belts. As will be apparent from the de- 
scription that follows, in the variator of Figure 12 the 
ways in which the pulley units are mounted on the input 
and output shafts are dissimilar: the ball-race mountings 
are confined to the output shaft. Thus the symmetry of 
Figure 7 is not present, and therefore a hydraulic circuit 
comparable to that of Figure 8 cannot be used. 

In Figure 12 shaft 9, driven as in Figure 6 by prime 



mover 50, drives two belts 1 by way of two pulley units 
6. The outer sheaves 7 of these two units are fixed to 
shaft 9, while the inner sheaves 8 engage with the shaft 
by way of straight splines 24 and are therefore capable 
5 of limited axial movement. A variable-capacity hydraulic 
cylinder 76 is defined between the sheaves 8 and the 
shaft 9, and is sealed by ring seals 127. 

Belts 1 engage with pulley units 2 on the other shaft 
5, which is connected as before to the final drive 96. The 
outer sheaves 4 of these pulley units are mounted on 
shaft 5 by way of helical ball races 22 and are formed 
with collar-like extensions 41, on which the inner 
sheaves 3 are mounted on straight splines 42. The inner 
sheaves 3 are prevented from approaching one another 
by ball or roller races 43 mounted on opposite faces of 
a flange 44 carried by shaft 5. Outer sheaves 4 are each 
fixed to a shaped ring 89, which makes a sealed sliding 
fit with shaft 5 at 90. Further shaped rings 87, which 
make a fixed and sealed fit to shaft 5 at their inner rims, 
make a sealed but sliding fit at their outer rims against 
outer flanges 88 of the rings 89. Sealed and variable- 
capacity hydraulic cylinders 77 ; formed with inlet ports 
93, are therefore defined between rings 89 and 87. An- 
nular structures 91 make a sealed fit at their inner radii 
against shaft 5, and at their outer radii make a sliding fit 
against inner flanges 129 of rings 89. The blocks and 
adjacent components thus define sealed hydraulic cyl- 
inders 63 and 64, 64a and 63a of reciprocally-varying 
capacity. Cylinders 63 and 63a have fluid inlet ports 94 
formed in shaft 5, cylinders 64 and 64a have similar inlet 
ports 95, and structures 91 are formed with outlet con- 
duits 68 and 67 in communication with cylinders 64 and 
63a respectively. 

Appropriate associated hydraulic circuitry is essen- 
tially shown in Figure 5. By means of conduits (not 
shown) formed within shaft 5 pump 30 delivers fluid to 
cylinders 63 (and 63a) by way of inlets 94, pump 31 de- 
livers fluid to cylinders 64 (and 64a) by way of inlets 95, 
and the outlet conduits 67, 68 from the cylinders are con- 
nected to drain 38 by way of control valves A, B respec- 
tively. As in Figure 8, but with a differently prepro- 
grammed logic, valves A and Bare regulated by the cen- 
tral programmed electronic control unit 17 of the CVT 
so that the resultants of the forces generated by the 
pressures in cylinders 63 and 63a, or in cylinders 64 and 
64a, are equal and each represent the "torque-depend- 
ent" component of the total axial end-load force exerted 
upon each of the pulley units 2. By means of valve 73 
(which selects the higher of two pressures to transmit) 
and the third controlled valve 75, one or other of pumps 
30 and 31 is also connected to cylinders 76 and 77 to 
exert the appropriate belt-sheave clamping force on pul- 
ley units 6, and the clamping component of the total axial 
end load on pulley units 2. It will be appreciated that the 
clamping forces on the two shafts are the same, and are 
provided by the same pressure in cylinders of equal ar- 
ea, and that there is no nett force from the "torque con- 
trol" cylinders 63 and 64, 64a and 63a because the pres- 
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sures are balanced by the forces from the helical ball 
races 22. 

It will be noticed that the input shaft 9 need contain 
only one hydraulic conduit to feed fluid from valve 75 to 
cylinder 76 by way of an inlet 83, whereas many more 
hydraulic conduits will have to be carried within the out- 
put shaft 5 to supply the many ports and conduits shown. 
This will typically be advantageous because both ends 
of shaft 5 are potentially unobstructed, making access 
for hydraulic connections easier than with shaft 9 where 
one end is connected to the prime mover 50. 



Claims 

1. A continuously-variable-ratio transmission of the 
band-and-sheave type including control means (1 7) 
operable (via 18) by a driver or other operator, a ra- 
tio-varying variator comprising at least one band (1 ) 
in driving contact with two pulley units (2, 6) pre- 
senting parallel but separated axes of rotation but 
sharing a substantially common radial plane, in 
which each pulley unit comprises shaft means (5, 
9) and two sheaves (3, 4; 7, 8) mounted thereon, 
the axial separation of the sheaves being variable 
whereby to alter the radius of contact between the 
band and that pulley unit and so alter the transmit- 
ted ratio, in which there is a torque-sensitive con- 
nection (21 , 22) between at least one of the pulley 
units and its shaft means capable of generating an 
axial unit/shaft means force that is a function of the 
magnitude and direction of the torque the pulley unit 
is transmitting, and in which loading means (30, 1 5, 
25, 36, 39; 31 , 16, 26, 37, 39) operate on the pulley 
units to urge their sheaves together with a loading 
force characterised in that the sheaves are ar- 
ranged on the respective shaft means (5, 9) of each 
pulley unit (2, 6) in such a manner that the input of 
power to said variator by way of any one of said 
shaft means (5 or 9) has the effect, in combination 
with said torque-sensitive connection means, of 
tending to cause the axial separation of the sheaves 
(3, 4 or 1 , 8) of said pulley unit (2 or 6) on said one 
shaft means (5 or 9) to increase relative to that of 
the sheaves (7, 8 or 3, 4) of the corresponding pul- 
ley unit (6 or 2) on said other shaft means (9 or 5). 

2. The transmission according to Claim 1 in which the 
torque-sensitive connection permits relative move- 
ment between sheaves and shaft means which in- 
cludes both an axial and a rotary component. 

3. The transmission according to Claim 2 in which the 
torque-sensitive connection includes a component 
that follows a generally helical locus. 

4. The transmission according to Claim 3 in which the 
torque-sensitive connection is of ball screw type. 



5. The transmission according to Claim 1 in which the 
two sheaves of a pulley unit are connected so that 
they rotate together but are capable of limited rela- 
tive axial movement. 

5 

6. The transmission according to Claim 1 in which both 
sheaves of a pulley unit are mounted for both axial 
and rotary torque-responsive movement relative to 
their shaft means, and to execute such movements 

10 in mirror image to each other, whereby change of 
their radius of contact with the band takes place 
without change to the axial location of that band. 

7. The transmission according to Claim 1 in which the 
15 loading force is generated hydraulically. 

8. The transmission according to Claim 1 including 
means, responsive to the axial approach or sepa- 
ration of the two sheaves of a pulley unit beyond 

20 predetermined limits, to counteract that approach 
or separation by respectively raising or diminishing 
the axial load that is causing it. 

9. The transmission according to Claim 1 including 
25 mechanical means to prevent the band from run- 
ning off the inner radii of the sheaves of a pulley 
unit, should the sheaves separate too far axially. 

10. The transmission according to Claim 9 in which the 
30 mechanical means take the form of a ring located 

between the sheaves and rotatably mounted on the 
shaft means of the pulley unit. 

11. The transmission according to Claim 1 in which the 
35 band is of belt-like type. 

12. The transmission according to Claim 1 in which the 
band is of chain-like type. 

40 13. The transmission according to Claim 1 adapted to 
operate in at least two regimes, in at least one of 
which power recirculates through the variator and a 
geared neutral ratio is achieved. 

45 14. The transmission according to Claim 1 in which the 
loading force includes first and second components 
related to sheave-band reaction and torque at the 
pulley unit respectively. 

50 15. The transmission according to Claim 14 in which the 
magnitude of the second component of the loading 
force is a function of operator demand. 

16. The transmission according to Claim 15 in which the 
55 magnitude of the first component of the loading 

force is also a function of operator demand. 

17. The transmission according to Claim 14 in which the 
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variator ratio reaches an equilibrium value when the 
axial unit/shaft means force is equal to the second 
component of the loading force and is applied to a 
pulley unit in opposition to the loading force. 

18. The transmission according to Claim 7 in which the 
means for generating at least part of the loading 
forces on at least two pulley units are connected so 
that they are at equal pressure and a rise or fall of 
the volume of hydraulic fluid within one of them is 
matched by a corresponding fall or rise within the 
other. 

19. The transmission according to Claim 1 including a 
prime mover connected to one of the variator axes, 
and in which any of the torque-sensitive connec- 
tions are confined to the second variator axis. 

20. The transmission according to Claim 1 9 in which the 
loading forces exerted on any pulley units on the 
second axis of the variator are generated using hy- 
draulic devices mounted on that axis, and in which 
the fluid conduits associated with those devices are 
formed within the shaft means on that axis and ex- 
tend away from their respective devices within that 
shaft means in both axial directions. 

21 . The transmission according to Claim 1 3 including a 
driven shaft and gearing and clutch means operable 
to enable the transmission to operate in more than 
one regime, in which the driven shaft is displaced 
from either of the axes of rotation of the variator, 
and the gearing and clutch means are mounted co- 
axially with the driven shaft. 

22. The transmission according to Claim 1 in which 
traction is transmitted between the two axes by 
more than one belt, and means are provided to 
equalise the torques on all the belts. 

23. The transmission according to Claim 14 in which 
separate power sources are used to generate the 
loading forces for pulley units on the two variator 
axes, the first such source contributingthe first com- 
ponent for at least one unit aligned with the first var- 
iator axis and the second component for at least one 
unit aligned with the second variator axis ; and vice 
versa for the second source. 



Patentanspriiche 

1. Stufenloses Getriebe vom Band/Kegelscheiben- 
Typ mit einer von einem Fahrer oder einem anderen 
Bediener betatigbaren (uber 18) Steuereinrichtung 
(17), einem die Ubersetzung verandernden Varia- 
tor, der zumindest ein Band in treibender Beruhrung 
mit zwei Riemenscheibeneinheiten (2, 6) aufweist, 



die zueinander parallele, jedoch getrennte Dreh- 
achsen haben, aber eine im wesentlichen gemein- 
same Radialebene aufweisen, wobei jede Riemen- 
scheibeneinheit eine Welle (5, 9) und zwei darauf 

s befestigte Kegelscheiben (3, 4; 7, 8) aufweist, de- 

ren axialer Abstand variabel ist, um den Beruhrra- 
dius zwischen dem Band und dieser Riemenschei- 
beneinheit zu andern und so die weitergegebene 
Ubersetzung zu andern, wobei eine drehmoment- 

10 sensitive Verbindung (21 , 22) zwischen zumindest 
einerder Riemenscheibeneinheiten und ihrer Welle 
vorhanden ist, die eine axiale Einheit/Wellen-Kraft 
erzeugen kann, die eine Funktion der GroGe und 
Richtung des Drehmoments ist, welches die Rie- 

15 menscheibeneinheit ubertragt und bei dem Vor- 
spanneinrichtungen (30, 15, 25, 36, 39; 31, 16, 26, 
37, 39) auf die Riemenscheibeneinheiten wirken, 
um ihre Kegelscheiben mit einer Vorspannkraft zu- 
sammenzudrangen, 

20 dadurch gekennzeichnet, daG die Kegelscheiben 
auf der entsprechenden Welle (5, 9) jeder Riemen- 
scheibeneinheit (2, 6) derart angeordnet sind ; daft 
die Zufuhr von Leistung zu dem Variator uber ir- 
gendeine der Wellen (5 oder 9) in Verbindung mit 

25 der drehmomentsensitiven Verbindung den Effekt 
hat, eine VergroGerung des axialen Abstandes der 
Kegelscheiben (3, 4 oder 7, 8) der Riemenschei- 
beneinheit (2 oder 6) auf der einen Welle (5 oder 9) 
relativ zu dem Abstand der Kegelscheiben (7, 8 

30 oder 3, 4) der entsprechenden Riemenscheibenein- 
heit (6 oder 2) auf der anderen Welle (9 oder 5) her- 
beifuhren zu wollen. 

2. Getriebe nach Anspruch 1, bei dem die drehmo- 
35 mentsensitive Verbindung eine Relativbewegung, 
die sowohl eine axiale und eine Drehkomponente 
umfaBt, zwischen Kegelscheiben und Wellen er- 
laubt. 

40 3. Getriebe nach Anspruch 2, bei dem die drehmo- 
mentsensitive Verbindung ein Bauteil umfaGt, das 
einer im wesentlichen spiralformigen Bahn folgt. 

4. Getriebe nach Anspruch 3, bei dem die drehmo- 
45 mentsensitive Verbindung von der Art einer Kugel- 

umlaufspindel ist. 

5. Getriebe nach Anspruch 1 , bei dem die zwei Kegel- 
scheiben einer Riemenscheibeneinheit so verbun- 

50 den sind, daG sie zusammen rotieren, jedoch eine 
begrenzte axiale Relativbewegung ausfuhren kon- 
nen. 

6. Getriebe nach Anspruch 1, bei dem beide Kegel- 
55 scheiben einer Riemenscheibeneinheit zur sowohl 

axialen als auch drehenden drehmomentsensitiven 
Bewegung relativ zu ihren Wellen und zum Ausfuh- 
ren solcher Bewegungen spiegelbildlich zueinan- 
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der angeordnet sind, wodurch eine Anderung ihres 
Beruhrungsradius mit derm Band ohne eine Ande- 
rung der axialen Stellung dieses Bands stattfindet. 

7. Getriebe nach Anspruch 1 , bei derm die Vorspann- 
kraft hydraulisch erzeugt wird. 

8. Getriebe nach Anspruch 1, mit einer Einrichtung, 
die in Abhangigkeit der axialen Annaherung oder 
Auseinanderbewegung der beiden Kegelscheiben 
einer Riemenscheibeneinheit uber vorbestimmte 
Grenzen hinaus dieser Annaherung oder Auseinan- 
derbewegung entgegenwirkt durch Erhdhen bzw. 
Vermindern des sie bewirkenden Axialschubes. 

9. Getriebe nach Anspruch 1 . mit einer mechanischen 
Einrichtung zum Verhindern des Abfallens des 
Bands von den Innenradii der Kegelscheiben einer 
Riemenscheibeneinheit, falls die Kegelscheiben 
sich axial zu weit auseinanderbewegen sollten. 

10. Getriebe nach Anspruch 9, bei dem die mechani- 
sche Einrichtung die Gestalt eines Rings hat, der 
zwischen den Kegelscheiben angeordnet und dreh- 
bar auf der Welle der Riemenscheibeneinheit ange- 
bracht ist. 

11. Getriebe nach Anspruch 1, bei dem das Band rie- 
menartig ist. 

12. Getriebe nach Anspruch 1, bei dem das Band ket- 
tenartig ist. 

13. Getriebe nach Anspruch 1, das in zumindest zwei 
Bereichen arbeiten kann, von denen in zumindest 
einem die Leistung durch den Variator rezirkuliert 
und eine Leerlaufubersetzung erreicht ist. 

14. Getriebe nach Anspruch 1 , bei dem die Vorspann- 
kraft erste und zweite, eine Reaktion zwischen Ke- 
gelscheibe und Band bzw. ein Drehmoment an der 
Riemenscheibeneinheit betreffende Komponenten 
umfaGt. 

15. Getriebe nach Anspruch 14, bei dem die Gr6l3e der 
zweiten Komponente der Vorspannkraft eine Funk- 
tion der Anforderung eines Bedieners ist. 

16. Getriebe nach Anspruch 15, bei dem die GroGe der 
ersten Komponente der Vorspannkraft ebenfalls ei- 
ne Funktion der Anforderung eines Bedieners ist. 

17. Getriebe nach Anspruch 14, bei dem das Variator- 
ubersetzungsverhaltnis einen Gleichgewichtswert 
erreicht, wenn die axiale Ein he it/Well en-Kraft gleich 
der zweiten Komponente der Vorspannkraft ist und 
auf eine Riemenscheibeneinheit entgegen der Vor- 
spannkraft aufgebracht wird. 



18. Getriebe nach Anspruch 7, bei dem die Einrichtun- 
gen zum Erzeugen zumindest eines Teils der Vor- 
spannkrafte an zumindest zwei Riemenscheiben- 
einheiten so verbunden sind, daG sie unter glei- 
s chem Druck stehen und eine VergrdGerung oder 
Verringerung des Hydraulikfluidvolumens in einer 
von ihnen mit einer entsprechenden Verringerung 
oder VergrdGerung in deranderen einhergeht. 

10 19. Getriebe nach Anspruch 1, mit einem Antriebsmo- 
tor, der mit einer der Variatorachsen verbunden ist, 
wobei jegliche drehmomentsensitive Verbindung 
auf die zweite Variatorachse beschrankt ist. 

15 20. Getriebe nach Anspruch 19, bei dem die auf jegli- 
che Riemenscheibeneinheit auf der zweiten Achse 
des Variators ausgeubten Vorspannkrafte durch auf 
dieser Achse angebrachte, hydraulische Einrich- 
tungen erzeugt werden, und bei dem die mit diesen 

20 Einrichtungen zusammenhangenden Fluidleitun- 
gen in der Welle auf dieser Achse ausgebildet sind 
und sich in beiden Axialrichtungen von den entspre- 
chenden Einrichtungen in dieser Welle weg erstrek- 
ken. 

25 

21. Getriebe nach Anspruch 13, mit einer angetriebe- 
nen Welle sowie Ubersetzungs- und Kupplungsein- 
richtungen, urn dem Getriebe zu ermoglichea in 
mehr als einem Bereich zu arbeiten, bei dem die 
30 angetriebene Welle von jeder Rotationsachse des 
Variators verschoben wird, und bei dem die Uber- 
setzungs- und Kupplungseinrichtungen koaxial zur 
angetriebenen Welle angebracht sind. 

35 22. Getriebe nach Anspruch 1, bei dem zwischen den 
zwei Achsen Zugkraft durch mehr als einen Riemen 
ubertragen wird, und bei dem Mittel zum Ausglei- 
chen der auf alle Riemen wirkenden Drehmomente 
vorhanden sind. 

40 

23. Getriebe nach Anspruch 14, bei dem getrennte 
Kraftquellen zum Erzeugen der Vorspannkrafte fur 
Riemenscheibeneinheiten auf den beiden Variator- 
achsen verwendet werden, wobei die erste Quelle 
45 die erste Komponente fur zumindest eine mit der 
ersten Variatorachse ausgerichtete Einheit und die 
zweite Komponente fur zumindest eine mit der 
zweiten Variatorachse ausgerichtete Einheit bei- 
steuert und vice versa fur die zweite Quelle. 

50 

Revendications 



1. Transmission a rapport variable en continu du type 
55 a bande et poulie, comprenant des moyens de com- 
mande (17) pouvant etre actionnes (par I'interme- 
diaire de 18) par un conducteur ou un autre opera- 
teur un variateur de variation de rapport compre- 
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par rapport a leurs moyens formant arbre, et pour 
executer ces mouvements dans une image de mi- 
roir Tun par rapport a I'autre, grace a quoi le chan- 
gement de leur rayon de contact avec la bande se 
$ fait sans changement par rapport a remplacement 
axial de cette bande. 

7. Transmission selon la revendication 1 , dans laquel- 
le la force de charge est generee hydrauliquement. 

10 

8. Transmission selon la revendication 1 , comprenant 
des moyens, reagissant a I'approche ou a la sepa- 
ration axiale des deux poulies d'une unite de poulies 
au-dela de limites predetermines, de fagon a con- 
's trecarrer I'approche ou la separation par une eleva- 
tion ou une diminution de la charge axiale qui lapro- 
voque, respectivement. 

9. Transmission selon la revendication 1 , comprenant 
20 des moyens mecaniques pour empecher la bande 

de quitter les rayons interieurs des poulies d'une 
unite de poulies, si les poulies se separaient trop 
loin axialement. 



2. Transmission selon la revendication 1 , dans laquel- 
le le raccordement sensible au couple permet un 
mouvement relatif entre les poulies et les moyens 
formant arbre, comprenant tout a la fois une com- 
posante axiale et une composante de rotation. 

3. Transmission selon la revendication 2, dans laquel- 
le le raccordement sensible au couple comprend un 
composant qui suit un lieu globalement helicoTdal. 

4. Transmission selon la revendication 3, dans laquel- 
le le raccordement sensible au couple est du type 
a vis a billes. 

5. Transmission selon la revendication 1 , dans laquel- 
le les deux poulies d'une unite de poulies sont rac- 
cordees de telle sorte qu'elles tournent ensemble 
mais qu'elles soient susceptibles d'effectuer un 
mouvement axial relatif limite. 

6. Transmission selon la revendication 1 , dans laquel- 
le les deux poulies d'une unite de poulies sont mon- 
tees pour effectuer tout a la fois un mouvement axial 
et un mouvement de rotation en reaction au couple 



10. Transmission selon la revendication 9, dans laquel- 
le les moyens mecaniques prennent la forme d'un 
anneau dispose entre les poulies et monte de facon 
a pouvoir tourner sur les moyens formant arbre de 
I'unite de poulies. 

11. Transmission selon la revendication 1 , dans laquel- 
le la bande est du type analogue a une courroie. 

12. Transmission selon la revendication 1 , dans laquel- 
le la bande est du type analogue a une chaTne. 

13. Transmission selon la revendication 1, adaptee 
pour fonctionner dans au moins deux regimes, dans 
au moins I'un desquels I'energie recircule atravers 
le variateur et un rapport de point mort est obtenu. 

14. Transmission selon la revendication 1 , dans laquel- 
le la force de charge comprend des premiere et 
deuxieme composantes concernant la reaction 
poulie-bande et le couple au niveau de I'unite de 
poulies, respectivement. 

15. Transmission selon la revendication 14, dans la- 
quelle la grandeur de la deuxieme composante de 
la force de charge est fonction d'une demande de 
I'operateur. 

16. Transmission selon la revendication 15, dans la- 
quelle la grandeur de la premiere composante de 
la force de charge est egalement fonction d'une de- 
mande de I'operateur. 

17. Transmission selon la revendication 14, dans la- 



nant au moins une bande (1 ) en contact d'entraTne- 
ment avec deux unites de poulies (2, 6) presentant 
des axes de rotation paralleles mais separes, mais 
partageant un plan radial sensiblement commun, 
dans laquelle chaque unite de poulies comprend 
des moyens formant arbre (5, 9) et deux poulies (3, 
4 ; 7, 8) montees sur ceux-ci, la separation axiale 
des poulies etant variable de fagon a alterer par 
consequent le rayon de contact entre la bande et 
cette unite de poulies et a alterer de cette fagon le 
rapport transmis, dans laquelle il y a un raccorde- 
ment sensible au couple (21 . 22) entre au moins 
Tune des unites de poulies et ses moyens formant 
arbre, susceptible de generer une force unite axia- 
le/moyens formant arbre qui est fonction de la gran- 
deur et de ladirectiondu couple quetransmet I'unite 
de poulies, et dans laquelle des moyens de charge 
(30, 1 5, 25, 36 ; 39 ; 31 , 16, 26, 37, 39) agissent sur 
les unites de poulies de fagon a pousser leurs pou- 
lies I'une vers I'autre avec une force de charge, ca- 
racterisee en ce que les poulies sont disposees sur 
les moyens formant arbre respectifs (5, 9) de cha- 
que unite de poulies (2, 6) de telle sorte que I'entree 
d'energie dudit variateur au moyen de n'importe les- 
quels desdits moyens formant arbre (5 ou 9) a pour 25 
effet, en combinaison avec lesdits moyens de rac- 
cordement sensibles au couple, de tendre a faire 
augmenter la separation axiale des poulies (3, 4 ou 
7, 8) de ladite unite de poulies (2 ou 6) sur lesdits 
premiers moyens formant arbre (5 ou 9) par rapport 30 
a celle des poulies (7, 8 ou 3, 4) de I'unite de poulies 
correspondante (6 ou 2) sur lesdits autres moyens 
formant arbre (9 ou 5). 
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quelle le rapport de variateur atteint une valeur 
d'equilibre lorsque la force unite axiale/moyens for- 
mant arbre est egale a la deuxieme composante de 
la force de charge et est appliquee a une unite de 
poulies en opposition a la force de charge. s 

18. Transmission selon la revendication 7, dans laquel- 
le les moyens pour generer au moins une partie des 
forces de charge sur au moins deux unites de pou- 
lies sont raccordes de telle sorte qu'ils soient a une 10 
pression egale et qu'une elevation ou une chute du 
volume de fluide hydraulique a I'interieur de Tun 
d'entre euxsoit equilibree par une chute ou une ele- 
vation correspondante a I'interieur de I'autre. 

15 

19. Transmission selon la revendication 1 , comprenant 
un moteur raccorde a Tun des axes de variateur, et 
dans laquelle n'importe lequel des raccordements 
sensibles au couple est confine au deuxieme axe 

de variateur. 20 

20. Transmission selon la revendication 19, dans la- 
quelle les forces de charge exercees sur n'importe 
quelle unite de poulies sur le deuxieme axe du va- 
riateur sont generees en utilisant des dispositifs hy- 25 
drauliques montes sur cet axe, et dans laquelle les 
conduits de fluide associes a ces dispositifs sont 
formes a I'interieur des moyens formant arbre sur 

cet axe et s'etendent de facon a s'eloigner de leurs 
dispositifs respectifs a I'interieur de ces moyens for- 30 
mant arbre dans les deux directions axiales. 

21. Transmission selon la revendication 13, compre- 
nant un arbre entraine et des moyens formant en- 
grenage et embrayage pouvant etre actionnes pour 35 
permettre a la transmission de fonctionner dans 
plus d'un regime, dans laquelle I'arbre entraine est 
deplace depuis I'un ou I'autre des axes de rotation 

du variateur, et les moyens formant engrenage et 
embrayage sont montes de fagon coaxiale a I'arbre 40 
entraine. 

22. Transmission selon la revendication 1 , dans laquel- 
le une traction est transmise entre les deux axes 

par plus d'une courroie, et des moyens sont pre- 45 
sents pour egaliser les couples surtoutes les cour- 
roies. 

23. Transmission selon la revendication 14, dans la- 
quelle des sources d'energie separees sont utili- so 
sees pour generer des forces de charge pour des 
unites de poulies sur les deux axes de variateur, la 
premiere de ces sources contribuant a la premiere 
composante pour au moins une unite alignee avec 

le premier axe de variateur et a la deuxieme com- 55 
posante pour au moins une unite alignee avec le 
deuxieme axe de variateur, et inversement en ce 
qui concerne la deuxieme source. 
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